Objective To investigate the effect of immigration on life expectancy in Australia for the period from 1981 to 2003, and to compare life expectancy of the Australian-born population with that of other countries in the Organisation for Economic Cooperation and Development (OECD). Methods Standard life-table methods using age-specific all-cause mortality and population data from 1981 to 2003 were used to calculate life expectancy at birth (e 0 ) for the total Australian population (including migrants) and for people born in Australia (excluding migrants). Mean differences in life expectancy for each sex were compared using paired t-tests. Rankings of life expectancy among OECD countries were reassessed, and rank changes measured using the Wilcoxon signed rank test. Findings Life expectancy of males and females was significantly lower in the Australian-born group than in the total Australian population. During 1981 to 2003, there was a mean difference in life expectancy of 0.41 years (95% confidence interval, CI: 0.37-0.44; t 17 = 27.0; P < 0.0001) in males and 0.29 years (95% CI: 0.26-0.31; t 17 = 27.6; P < 0.0001) in females between the Australian-born and the total population. After excluding migrant groups, Australia no longer ranked among the top five OECD countries with the highest life expectancy in the two most recent years examined. Conclusion While Australia has one of the highest life expectancies in the industrialized world, this is partly attributable to immigration of populations with low rates of mortality. This effect needs to be considered in international comparative assessments of mortality levels. Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
Introduction
In recent international league tables of life expectancy in countries that are members of the Organisation for Economic Cooperation and Development (OECD), Australia is ranked among the top five, behind countries such as Japan, Iceland and Sweden. 1, 2 Life expectancy in Australia has improved over time in absolute terms, and also relative to other nations. 2 Routinely reported estimates of Australian life expectancy generally refer to the total Australian population. This obscures the effect of widespread immigration to Australia -predominantly from southern and eastern Europe after World War II 3 and from south-east Asia in the latter part of the 20th century higher levels of education than others may be more likely to immigrate, and to be accepted into Australia, the net effect being to increase overall Australian life expectancy due to the so-called "healthy migrant" effect. [4] [5] [6] It is also conceivable that lifestyle factors shaped by the cultural mores of a given country of birth, such as diet, 7, 8 are retained by immigrants and, to a lesser extent, by subsequent migrant generations; 9 these may influence the overall life expectancy of the Australian population.
This study investigated Australian life expectancy according to migrant status for the latter part of the 20th century, to determine the extent to which the selection effects described above may be evident in overall estimates of life expectancy in Australia. Retrospective cross-national comparisons of life expectancy for all OECD countries and for Australian-born and non-Australianborn groups were also conducted to establish how relative improvements in Australian life expectancy rankings change according to migrant composition.
Methods

Data
Data on age-specific all-cause mortality stratified by migrant status (Australianborn or non-Australian-born) and sex were obtained from the Australian Bureau of Statistics for 1981 and 1986 to 2003. Age groups were defined for infants < 1 year, 1-4 years, and then in 5-year age groups to > 90 years. Corresponding denominator populations for each year were obtained from the Australian Bureau of Statistics based on estimated resident populations, similarly stratified by migrant status. The population data on migrant status for the period from 1981 to 1986 were determined by the Australian Bureau of Statistics to be of insufficient quality for analysis, and therefore these years were excluded. Data from 1981, an Australian census year, were retained for international comparisons with OECD estimates.
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Age-specific all-cause mortality data and corresponding population data for all OECD nations were obtained from WHO. Comparative data were obtained for approximate 5-year age intervals for the years 1981, 1986, 1990, 1995 and 2000 . Mortality data for Belgium were not available from WHO after 1997. Enumeration of mortality data in the Republic of Korea and Turkey suggest that death registration is less than 90% complete; these data were therefore not of a comparable standard to those from other nations and were excluded from the analysis.
10,11
Analysis
Australian life expectancy at birth (e 0 ) for each study year (1981, (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , by migrant status and sex, and life expectancy at birth for OECD nations was calculated using standard life-table methods, as described elsewhere, 12 using the Coale-Guo extension for age groups > 80 years. 13 The 95% confidence interval (CI) for the estimate of e 0 was derived using the Chiang method. 14 There is selection bias in the migrant group (the "healthy migrant" effect). Migrant life expectancy is not a "true" life expectancy at birth, but rather life expectancy after the date of first registration, and therefore will include only those children who reached Australia; perinatal and other childhood mortality are excluded in this group.
Age-specific mortality rates per 1000 and age-specific mortality rate ratios stratified by migrant status and sex were also considered for each census year 1981, 1986, 1991, 1996 and 2001 (years when country-of-birth data were directly recorded through the Australian census). Age-specific analyses were conducted to investigate which age groups might account for differential mortality rates by migrant status over time.
Mean differences in life expectancy by migrant status over the study period were compared using paired t-tests. 15 Changes in the ranking of life expectancy by migrant status in Australia compared with life expectancies in OECD nations were investigated using the non-parametric Wilcoxon signed rank sum test. 15 Rank differences in life expectancy between the Australian-born and the total Australian population were calculated to determine whether the number of negative changes in ranking for the Australian-born group (compared with the total Australian population) were greater than that which would occur by chance alone.
Results
Life expectancy was significantly lower in the Australian-born group (excluding migrants) than in the total Australian population, for both males and females (Fig. 3) . For the entire study period, there was a mean difference of 0.41 years (95% CI, 0.37-0.44; t 17 = 27.0; P < 0.0001) for male life expectancy and 0.29 years (95% CI, 0.26-0.31; t 17 = 27.6; P < 0.0001) for female life expectancy between the Australian-born and the total population. Differences between the Australian-born group and the total Australian population were slightly larger in the most recent quinquennium for females, although the magnitude of the difference was not statistically different from that observed in earlier years.
The substantial and continuing decline in rates of mortality at all ages in Australia since 1981 is clear from Table  1 . Age-specific mortality rates were higher in the Australian-born group than in the non-Australian-born group ( Table 1) . The relative excess mortality among the Australian-born was initially greatest among those aged 40-59 years, but this excess has progressively declined over time. Conversely, age-specific mortality rate ratios have increased (mortality rates for the Australian-born relative to the non-Australian born) in older age groups (> 60 years) for males and females since 1981 (Figs. 4 and 5 ). Mortality rates for males and females among the Australian-born also increased (relative to the non-Australian born) in younger age groups (those aged 5-19 and 20-39 years) peaking in 1991, after which mortality rate ratios at these ages have generally declined. Mortality rates for those aged 0-4 years (not shown) were based on small underlying case numbers, especially for migrants, and showed large stochastic variation over time. For those born in Australia, mortality rates
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In a comparison of OECD rankings of life expectancy for the study period, when migrant groups were excluded from calculations of Australian life expectancy, Australia moved down an average of two ranks for males ( Table  2 , available at: http://www.who.int/ bulletin) and females (Table 3 , available at: http://www.who.int/bulletin), and dropped out of the top five OECD member countries in the most recent years examined (1995, 2000) . This change in ranking was significant for males (T -= 0; n 1 6 = 0; P < 0.05) and females (T -= 0; n 1 6 = 0; P < 0.05). In none of the years selected was the Australianborn group ranked higher than the total Australian population (for both sexes).
Discussion
There have been marked changes in the migrant composition of the Australian population from 1950 to 2000. These changes began in the immediate postWorld War II period with a significant influx of English, Irish and southern and eastern European migrants, 3 and continued in subsequent decades (from the 1970s) with increased migration from south-east Asia (Figs. 1 and 2).
After World War II, the Australian government implemented a large-scale immigration campaign with a target to increase the Australian population by 1% per year and to increase the availability of labour in the post-war boom.
3,16 A significant proportion of migrants during this period also arrived in Australia under humanitarian programmes as refugees. 3, 16 In the 1950s and 1960s, a two-tiered immigration model developed under the so-called "White Australia" policy, whereby migrants from an English-speaking background (predominantly Ireland and the United Kingdom) were given "assisted passage" to Australia, while those from a non-English-speaking background were required to use their own resources and make their own arrangements. 16 This immigration strategy changed in the 1970s, a period of international recession and major economic restructuring of market capitalism. 16 This period saw increased globalization and deregulation of the Australian economy, and as a consequence increased demand for skilled labour (predominantly in manufacturing industries). A nondiscriminatory immigration policy implemented during this time increased the number of migrants from non-English-speaking backgrounds, in particular Vietnamese refugees and migrants from other parts of south-east Asia. 16 Migrants now currently constitute approximately 23% of the Australian population. 17 It is plausible that the delayed effects of migration in the 1950s and 1960s with the ageing of migrants, and continuing migration in the latter part of the 20th century, have had an impact on current health status and mortality patterns in Australia. In previous studies of migrant mortality in Australia, rates of mortality attributable to specific causes have been found to be lower in several migrant groups, and similar to 
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those in the country of origin. [18] [19] [20] [21] [22] [23] [24] [25] The effect of a younger age profile of migrants in the post-World War II period has also been posited as an important factor in the determination of subsequent population structure and mortality levels, 26, 27 although other studies have suggested that the age profile of migrants has had a negligible effect on overall Australian life expectancy. 28 The findings of the present study indicate that the increase in Australian life expectancy between 1981 and 2003 can be partly attributed to the effects of migration. Overall, life expectancy for males differed by 0.4 years and for females by 0.3 years between the Australian-born and the total Australian population. When life expectancies for the Australian-born and for the total Australian population were compared separately with rankings of life expectancies in other OECD nations, the ranking of Australia fell by an average of two ranks for males and females between 1981 and 2000, and Australia dropped out of the top five OECD countries in the most recent period examined. The effect of migration on Australian life expectancy is not trivial when compared with countries, such as Japan, that have low levels of migration.
Age-specific mortality rate ratios indicate that mortality rates in the Australian-born aged 40-59 years decreased over the study period more rapidly than in the non-Australian born. This in turn may be attributable to a decrease in the incidence of noncommunicable disease, in particular coronary heart disease, in the Australian-born over recent decades. 29 In older age groups (> 60 years), the increase in mortality in the Australian-born relative to the non-Australian born for both males and females may reflect the greater exposure, on average, of older Australians to risks such as tobacco 30 compared with the migrant group.
There is potential for enumeration bias in mortality data when comparing data from Australia with data from other countries. Although all OECD nations have standard, centralized enumeration of vital statistics, differences in process may result in under-enumeration of mortality; this may have a differential impact upon calculations of life expectancy. Enumeration bias in this sense is unlikely to be an important factor in the interpretation of our findings, as the main focus of the study is the relative differences in Australian mortality when including and excluding migrant groups, compared with other nations. There may well be cross-national differences in enumeration methods; however, to the extent that such differences have remained constant, the interpretation of relative changes in Australian life expectancy for the Australian-born and total Australian population remains valid. We have also used a standardized method for calculating cross-national life expectancies using mortality data from WHO for all OECD countries, which avoids the influence of differences in statistical methods used to calculate rankings of cross-national life expectancies. 12 It is also important to note that neither migrant nor non-migrant groups considered in this study are homogeneous. It is likely that there are important mortality differentials by other demographic, socioeconomic and geographic strata within migrant and Australianborn groups. For example, the Australian-born group comprises indigenous Australians, who have a significantly lower life expectancy than the total Australian population. 31 The high mortality rate in this group would reduce the differences observed between migrants and non-migrants. However, the effect of mortality among indigenous Australians on the relative excess in mortality rate ratios in migrants compared with nonmigrants is not substantial, comprising a reduction of approximately 4% for all ages between 1996 and 2001, owing to the small indigenous population (approximately 2% of the Australian population).
The implications of our findings are that increases in the number of migrants over the latter part of the 20th century as a proportion of the total Table 1 ).
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Australian population have resulted in an even greater increase in overall life expectancy than would otherwise have been the case. This effect is not trivial and has previously been obscured, as it is total Australian life expectancy that is routinely reported. Life expectancy in the Australian-born has also increased over this period, associated with a range of factors. These include the success of health promotion campaigns on population risk factors relating to diet and alcohol and tobacco consumption, 2, 32 improvements in health services and medical treatment, and early diagnosis of disease through population and opportunistic screening. 2 However, there are also factors specific to migrant status that afford additional benefits to the overall life expectancy of the Australian population. "Selection" effects can lead to differential life expectancies in migrant groups compared with non-migrant groups. Those from better material circumstances or with higher levels of education than others may be more likely to be allowed to immigrate to Australia. The net effect is to increase overall Australian life expectancy owing to the healthy migrant effect. [4] [5] [6] Migrants are also predominantly from younger age groups, with the most recent routinely available migration data (1996) (1997) (1998) (1999) (2000) (2001) (2002) indicating that approximately 29% are aged 25-34 years and approximately 25% are aged 0-14 years. 17 There is also the effect of unofficial remigration of unhealthy individuals to their country of birth for treatment, or in extreme cases to die, resulting in an underestimation of migrant mortality. 4 The extent of remigration of unhealthy individuals is not possible to quantify in the Australian context. The findings of the present study are consistent with those of studies showing higher life expectancies for migrants in the United States of America (USA) 33 and other studies showing lower mortality rates for migrants in, for example, Asian, Pacific Islander and Hispanic migrants in the USA, 33, 34 migrants from the Republic of Korea in Japan, 35 and southern European, Moroccan and Turkish migrants in Belgium. 36 It is also conceivable that lifestyle factors such as diet that are shaped by the cultural mores of a given country of birth and retained by immigrants and, to a lesser extent, subsequent migrant generations 9,37 may influence the overall life expectancy of the Australian population. In Australia, a large proportion of migrants have come from southern Europe and south-east Asia. 3 The efficacy of the "Mediterranean diet" and Asian equivalents on common risk factors for highprevalence diseases (such as cardiovascular disease and some cancers) has been noted previously. 7, 8 Such dietary factors include abundant consumption of vegetables, fruit and whole grains and lower intake of dairy foods, 7 and are more likely to be evident in sections of the southern European and south-east Asian migrant populations in Australia. 25, 37 However, acculturation also has effects on health status over time, with previous studies in Australia 38 and the USA 34 indicating that health status can decrease with the length of stay and in secondgeneration migrants. This study has shown that life expectancy in Australia increased substantially in the latter 20th century, and that this can partly be attributed to immigration of populations with a low mortality during the immediate post-World War II period and subsequent decades. Continued increases in Australian life expectancy, particularly in recent years, suggest that ongoing migration will continue to have a beneficial effect upon future life expectancy in Australia. Comparisons of life expectancy that include host migrant countries such as Australia, Canada, New Zealand and the USA are likely to exaggerate the populationlevel benefit of health policies and programmes compared with countries such as Japan, where international migration is trivial. O Competing interests: None declared. Table 1 ). Après exclusion des groupes de population immigrée, l'Australie ne fait plus partie des cinq premiers pays de l'OCDE les mieux placés pour l'espérance de vie pour les deux années étudiées les plus récentes. Conclusion Si l'espérance de vie calculée pour l'Australie est parmi les plus élevées du monde industrialisé, cette situation est en partie imputable à la présence de populations immigrées à faible taux de mortalité. Cet effet doit être pris en compte dans les évaluations comparatives à l'échelle internationale des taux de mortalité.
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Resumen Evaluaciones comparativas mundiales de la esperanza de vida: impacto de la migración en el caso de Australia
Objetivo Investigar el efecto de la inmigración en la esperanza de vida en Australia durante el periodo de 1981 a 2003, y comparar la esperanza de vida de la población nacida en Australia con la de otros países de la Organización de Cooperación y Desarrollo Económicos (OCDE). Métodos Se emplearon métodos estándar de las tablas de vida en los que se usaron la mortalidad por todas las causas por edades y datos demográficos de 1981 a 2003 para calcular la esperanza de vida al nacer (e 0 ) en la población australiana global (migrantes incluidos) y en la población nacida en Australia (migrantes excluidos). Las diferencias medias en la esperanza de vida para cada sexo se compararon mediante pruebas t pareadas. Se reevaluó la esperanza de vida en los países de la OCDE, reordenándolos por ese criterio, y se aplicó la prueba de ordenamiento con signo de Wilcoxon para medir los cambios de rango.
Resultados La esperanza de vida de hombres y mujeres fue significativamente inferior en el grupo nacido en Australia que en la población australiana global. Entre 1981 y 2003, se detectó una diferencia media de la esperanza de vida de 0,41 años (intervalo de confianza (IC) del 95%: 0,37-0,44; t 17 = 27,0; P < 0,0001) en los hombres y de 0,29 años (IC95%: 0,26-0,31; t 17 = 27,6; P < 0,0001) en las mujeres entre los nacidos en Australia y la población total. Tras excluir a los grupos migrantes, Australia dejó de figurar entre los cinco países de la OCDE con mayor esperanza de vida en los dos años más recientes examinados. Conclusión Aunque Australia presenta una de las esperanzas de vida más altas del mundo industrializado, ello se debe en parte a la inmigración de poblaciones con tasas bajas de mortalidad. Este efecto debería tenerse en cuenta en las evaluaciones comparativas internacionales de la mortalidad. 
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